The purpose of this research was to screen out the optimal -producing peptide conditions for cow milk fermented by Lactobacillus bulgaricus LB6. The effects of temperature, inoculation size, time and skim milk concentration on the ACE inhibition rate of fermented milk were investigated by single factor experiment, and the optimal fermentation conditions were determined by orthogonal experiment. The conditions of the single factor experiment were: Temperatures were 37° C, 39° C, 42° C, 44° C and 46° C. The inoculation amount was 1%, 3%, 5%, 7% and 9%, the time was 8h and 10h. At 12h, 14h and 16h, the concentration of skim milk was 8%, 10%, 12%, 14% and 16%, respectively. The results showed that the optimal fermentation conditions for ACE inhibitory peptide produced by Lactobacillus bulgaricus LB6 were 4% inoculation, 13h in time, 42°C in temperature and 13% in skim milk. Under this condition, the ACE inhibition rate reached 76.50% and the OD value was 0.330. The titration acidity was 116.4°T, the pH was 4.62, and the sensory evaluation was 75 scores.
INTRODUCTION
Hypertension is a clinical syndrome characterized by elevated arterial systolic or diastolic blood pressure, often accompanied by cardiovascular disease, which poses a serious threat to human health (López-Fandiño et al., 2006; Rey et al., 2014) . At present, most drugs for treating hypertension are chemically synthesized, and long-term use may cause harm to other functions of the human body (Assimes et al., 2010; Liou et al., 2008) . Studies find that angiotensin-converting enzyme (ACE) inhibitory peptide has a blood pressure lowering function, and taking a food containing the peptide does not affect normal blood pressure of a person or an animal, and has high safety and small side effects (Bao et (He et al., 2012 . In this study, the effects of culture temperature, culture time, inoculation size and reconstituted milk concentration on the ACE inhibition rate of fermented milk were investigated by single factor test. The effects of OD, acidity and pH on fermented milk were also investigated. The main factors affecting the screening were tested, and the optimal fermentation conditions were determined by verification, which laid a foundation for subsequent experiments.
MATERIALS AND METHOD
Materials: Skim milk powder was purchased from New Zealand (Anchor, New Zealand). Hippuryl-histidyl-leucine (Hip-His-Leu) and ACE were bought from Sigma Chemical Co. (St Louis, MO, USA),.MRA liquid medium was purchased from Beijing Aoboxing Biotechnology Co., Ltd.(Beijing China). Unless otherwise stated, all chemicals agents used are analytical grade.
Microorganisms and their activation:
A small amount of L. bulgaricus LB6 freeze-dried powder was inoculated into MRS liquid medium under aseptic processing conditions, mixed and cultured at 37°C for 18-24 h, according to 5% inoculation amount, continuous transfer activation 3 times, The activated bacteria were transferred to 14% sterilized reconstituted milk by 5% inoculation, cultured at 37 °C for 12 h, and continuously transferred twice to prepare a starter.
Preparation of fermented milk:
After the skim milk powder was prepared to a concentration of 14%, the L. bulgaricus LB6 was inoculated at a rate of 5%, and the OD value, acidity, and pH were measured after incubation at 42 °C for 12 hours.
Measurement of ACE inhibitory activity:
Aliquots of fermented milk were collected, vigorously stirred and centrifuged at 1000 × g for 20 minutes to obtain the corresponding whey, and the collected supernatant was passed through a filter to determine its ACE inhibitory activity, respectively. The method of determination is based on previous research (Cushman et al.,1971; Guowei et al., 2013) The ACE inhibitory rate was calculated using the formula (1):
In the formula (1), ODA represents the optical density without the whey fraction, ODB represents the optical density without ACE, and ODC represents the optical density in the presence of ACE and whey fraction.
Determination of OD value: The 1 mL of fermented milk and 9 ml of 0.2% EDTA were added to the test tube, and the pH was made alkaline (pH 11-12) with sodium hydroxide, magnetic stirring evenly, and then allowed to stand for 5 minutes. The unfermented blank milk sample was used as a reference, the absorbance was measured at 640 nm, and the biomass of the lactic acid bacteria was evaluated based on the absorbance.
pH determination: Direct measurement at room temperature using a pHS-3C acidity meter.
Acidity determination:
The sodium hydroxide titration method is expressed in terms of Jill Nieer degrees (°T).
Sensory evaluation:
Tasting by at least five tasters, the fermented milk samples were evaluated in terms of color, smell, taste and tissue state. The distribution of specific sensory project weights is shown in Table 1 (China Standard, 2000). 
RESULTS AND DISCUSSION
Effect of temperature on ACE inhibition rate of L. bulgaricus LB6 fermented milk L. bulgaricus LB6 was placed in the basic fermentation medium according to the inoculation amount of 5%, and then cultured at 37°C, 39°C, 42°C, 44°C, 46°C for 12 h, and then taken out to determine the ACE inhibition rate and OD of the fermented milk. Value, titration acidity, pH value, the results are shown in Figures 1 and 2 . As shown in Figure 1 , as the temperature increases, both the ACE inhibition rate and the OD value increase first and then decrease. The peak OD value at 42°C indicates that the optimal growth temperature of L. bulgaricus LB6 in milk is 42°C. At 42°C, the ACE inhibition rate reached a peak of 63.1%. The increase or decrease in temperature caused a significant decrease in the inhibition rate, indicating that 42°C is the optimum temperature for ACE inhibitory peptide production by L. bulgaricus LB6. The reason for this phenomenon may be that temperature has an effect on the activity of proteolytic enzymes and the growth of bacteria. When the temperature is low, the activity of the enzyme is not strong, the metabolic activity of the cells is weak, and the growth of the cells is slow; when the temperature is slowly increased, the activity of the enzyme is enhanced, and the growth rate of the bacteria is accelerated; the temperature continues to rise when the enzyme is reached. At the optimum temperature for solution, the enzyme activity is the strongest and the degree of hydrolysis is the most sufficient; when the optimum temperature for cell growth is reached, the number of viable cells is the largest; but when the temperature exceeds the optimum enzymatic hydrolysis temperature and optimum growth temperature The various enzymes in L. bulgaricus LB6 are inhibited or even inactivated, and the hydrolysis of protease and the growth of bacteria are reduced. As can be seen from Figure 2 , the temperature has a great effect on the titration acidity and pH of the fermented milk. The titration acidity is from 47°T to 96°T, and the variation range is large, and the pH range (4.32-4.78) is also large. Starting from 42°C, the titration acidity and pH changes tend to be gentle. The sensory evaluation of the fermented milk was the highest at 39°C to 42°C, and the sensory evaluation of the fermented milk at 42°C was the highest. The reason for this phenomenon may be the time during which the flavoring substance in the fermented milk is formed during the process from 39°C to 42°C. Figure 3 indicates, the ACE inhibition rate is the highest at 3% of the inoculation amount, and the OD value is the largest at 5%, indicating that the enzyme and the substrate reach the optimum ratio at the inoculation amount of 3%. With the increase of inoculation amount, the ACE inhibition rate and OD value of L. bulgaricus LB6 fermented milk gradually decrease. The reason for this inhibitory peptides from cow milk by Lactobacillus bulgaricus LB6 phenomenon may be that when the concentration of the substrate is constant, the substrate in the fermentation broth cannot meet the growth of L. bulgaricus LB6 as the inoculation amount increases, and some of the fermentation products are reused by L. bulgaricus LB6 to be decomposed into smaller ones. The peptides are even individual amino acids, resulting in a decrease in the content of small ACE inhibiting peptides in the fermentation broth. As shown in the Figure 4 , the titration acidity of the fermented milk increases with the increase of the inoculation amount, and the maximum titration acidity is obtained at the inoculation amount of 9%. pH is negatively correlated with the inoculation amount. At the 5% inoculation amount, the sensory evaluation score was the highest. The reason for this may be that under a certain substrate concentration, 5% inoculation amount is most suitable for L. bulgaricus LB6 metabolism, producing some flavor substances, so that the flavor of fermented milk is better.
Effect of time on ACE inhibition rate of L. bulgaricus LB6 fermented milk
They were taken out after fermentation at 8h, 10h, 12h, 14h and 16h, and the indexes were measured. The results are shown in Figures 5  and 6 . With the increase of fermentation time, the ACE inhibition rate and OD value both increased first and then decreased, reaching a maximum at 12h ( Figure 5 ). The reason for this may be that as the fermentation time is prolonged, the substrate concentration is insufficient to supply all the nutrients needed for the growth of the strain. The strain grows slowly and the activity is reduced, so the ability to degrade the cow protein is reduced, so the ACE is produced. The inhibitory peptide is reduced. The ACE inhibition rate of fermented milk reached the highest (26.97%) at 12h, at which time the OD value was 0.418, the fermented milk had a pH of 4.38, the acidity reached 84°T, and the acidity was strong. It can be seen from the Figure 6 that when the fermentation time is 8-10h, the sensory evaluation of fermented milk has the highest change rate, so 8-10h may be the best time for the formation of flavor substances. With the long fermentation time, the time change rate is small, and the fermentation proceeds to 10h. At the time, the fermented milk has the highest sensory evaluation score and the best flavor.
Effect of skim milk concentration on ACE inhibition rate of L. bulgaricus LB6 fermented milk Reconstituted milk was prepared at 8%, 10%, 12%, 14% and 16%, respectively. After fermentation, the indicators were determined and the results are shown in the Figures 7 and 8.
As shown in Figure 7 , as the skim milk concentration increase, the ACE inhibition rate of the fermented milk first increased rapidly, and the inhibition rate reached the maximum at the concentration of 14%, and then decreased. The reason for this is that when the concentration of the recovered milk is within a certain range (10%-14%), as the concentration of the milk increases, the protein substrate for enzymatic hydrolysis increases, and the resulting ACE inhibitory peptide is also formed. Increased; and then due to excessive milk protein content, the inhibition of the substrate causes the ability of the bacterial enzyme to decompose the milk protein to produce peptides, the ACE inhibitory peptide produced decreases, and the ACE inhibition rate also decreases. As the concentration of reconstituted milk increased, the change in OD value was large, indicating that the increase in milk concentration promoted the growth of L. bulgaricus LB6. Figure 8 indicates that with the increase of the concentration of recovered milk, the titration acidity and pH of the fermented milk first increase and then decrease, and the change range is obvious. There is no opposite change in titration acidity and pH, which may be related to the buffering effect of cow's milk. The sensory evaluation score of the fermented milk at a degreasing concentration of 14% is high. This may be because the substrate concentration is too low or too high, which is not conducive to the L. bulgaricus LB6 valueadded metabolism, and the flavor substances produced are less, so that the flavor of the fermented milk is tasted not suitable.
Optimization of Peptide Conditions for L. bulgaricus LB6 Fermented Milk by Orthogonal Test
The inoculation amount (A), temperature(B), time(C) and skim milk concentration(D) were selected as the investigation factors. The test results were determined by reference to the single factor analysis test results. The fourfactor and three-level orthogonal experiments were carried out on the above factors to further optimize the fermentation conditions. As shown in the Table 2 , experimental results and analysis are presented, where Y1 is the ACE inhibition rate ,Y2 is the OD value, Y3 is the titration acidity, Y4 is the pH value ,Y5 is the sensory evaluation. The mean is represented by k, and k1, k2, and k3 are the sum of the indicators having factor level 1, level 2, and level 3, respectively. R represents the difference between the maximum value and the minimum value in k1, k2, and k3. The magnitude of the extreme difference R reflects the magnitude of the action of each factor in the experiment. The larger the R, the greater the influence of the corresponding factor on the experimental index, which is an important condition. The highest level of k for each factor constitutes the most fermentable condition. It can be seen from the table that the significance of each factor on the ACE inhibition rate is B>A>D>C, that is, temperature>inoculation amount> skim milk concentration>time, and the best combination is B2A1D2C1. The influence degree of each factor on OD value is B>A>C>D, that is, temperature>inoculation amount>skimmed milk concentration>time, and the best combination is B2A2C3D2.The above two combinations are not in the 9 sets of experiments that have been done, so the two combinations are verified and the results of B2A2C3D2 are better than those of B2A1C2D1. Therefore, the optimal fermentation conditions are combined into B2A2C3D2, that is, the optimum fermentation conditions are temperature 42°C, inoculation amount 4%, time 13 h, and skim milk concentration 13%. Pan found that the optimal inoculum condition for the maximum yield of ACE-inhibiting peptides produced by Lactobacillus helveticus LB10 was 4% ( Pan et al., 2010) , which is consistent with our results. Shu showed that the best peptideproducing condition was obtained when the milk powder concentration was 14% , and our results showed that the optimal peptide-producing condition was obtained when the milk powder concentration was 13%, and the ACE inhibition rate reached 76.50%.
CONCLUSION
The optimal fermentation conditions for ACE inhibitory peptide produced by Lactobacillus bulgaricus LB6 are 4% inoculation, 13h in time, 42°C in temperature and 13% in skim milk. Under this condition, the ACE inhibition rate reaches 76.50% and the OD value is 0.330. The titration acidity is 116.4°T, the pH was 4.62, and the sensory evaluation was 75.
